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By Robert W. Boswin2rle, Jr . 

The boundary effects on an l8-inch span, 60° triangular wing mdel 
tested in the 26” Langley transonic blowdown tunnel  are shown to 
cause only mnall decreases in the  lift-curve slopes from those  obtained 
with the 13- mdel In the Langley 8-foot  trans’onlc tunnel; the  decreases 
amount to less than 0.001 per degree and 0.003 per  degree at Mach numbers 
of 0 .& and 0.975, respectively. The themy of a previously published 
paper (NACA FM ~ 5 3 ~ 2 6 ) ~  although  not exactly applicable t o  the  present 

tunnel which appeared to be of the  correct ~ i g n  and of the proper  order 

P 

case, gave corrections  to the lift-curve slopes obtained in the smaller 

of  magnitude. 

In recent y e m s ,  a ntmiber of tunnels u t i l i z b g  longitudinal s l o t s  
i n  the  otherwise  closed walle have been constructed at the Langley 
Laboratory and elsewhere. Since slotted tunnels may be operated  contin- 
uously from subsonic to supersonic Mach numbers without change in tunnel 
configuration,  they have proved to be an important  source of data for  
the  transonic regime. 

The va;rlous types of b0uxkc-y interferences that OCCUT in slotted 
tunnels have naturally received aome attention. In regard t o  boundary- 
induced-angle interference,  theoretical  studies erre presented i n  refer- 
ences 1 and 2. In  reference 1 the effects  of span, spm loading, s lu t  
configuration, and tunnel cross-sectional ahape for subsonic Mach nun- 
bers  are  considered. Ln reference 2 a homogeneous boundary is  substi- 
tuted  for the dFscrete slats cansidered in reference 1; the boundary- 

values calculated by reference 1 for  tunnels c o n t e a n  as few a,s four 
. induced angles  calculated by reference 2 are almost ident ical  t o  the 
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slots. Experimental studies of' boundary-induced-angle effects are con- 
tained in  references 3 and 4. 

In the  present  report  additional  experimental data on boundaxy- 
induced-angle effects  are  presented and some aspects of the theory of 
reference 1 are  verified. The data consist of lift-curve  slopes  obtained 
a t  high subsonic  speeds with a 60° triangular wing mdel in the Langley 
transonic blowdown tunnel. These data are compared with similar data 

obtained e t h  the same model i n  the &ley 8-fmt tramonlc 

r a t i o  of wing span to tunnel diatrteter 

m e a n  aeroaynamic chord 

l i f t  coefficient, L/qS 

lift-curve slope, d~L/dcc 

maxirmun RrseLage diameter 

extended fuselage length 

l i f t  

Mach number 

free-stream aynamic preesure 

fuselage radius 

ra t io  of open periphery t o  t o t a l  periphery of tunnel cross 
section 

t o t a l  area of wing 

distance from fuselage nose 

angle of attack, deg 
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- The mdelused for the present  tests in the Langley transonic b l o w -  
down tunnel and f o r  the tests of reference 5 made in the Langley &foot 
transonic  tunnel  consisted of a 60° triangular wing m t e d  on a pointed 
fuselage. The wing had a span of 18.24 inches and NACA 65stoo2 airfoil 
sections  parallel   to the plane of symmetry. A sketch of the model is 
presented i n  figure 1 and the ordinates of the fuselage are given in 
figure 2. Both wing and fuse- E r e  constructed of steel. The same 
sting balance was used for the tests i n  both tunnels. 

The Langley transonic blowdown tunnel i s  an octagonal, s lot ted 
throat tunnel with slots located in each corner. The slot configuration 
used for the present tests w a s  an experimental one and consisted of 
slots which had a r a t io  of open t o  t o t a l  periphery of the tunnel  cross 
section w h i c h  varied from 0 .O% at the nose of the model to 0.104 at the 
end of the fuselage as shown in figure 3.  Calibration tests with this 
slot configuration  fndicated that the Mach nuniber variation along the 
tunnel center Une at sLibsonic speeds,  with the model remved, were no 
greater than +O .005 in the region  occupied by the model. In  the   t es t  
section,  opposite walle are 2.21 f ee t  apart and the cross-sectional q e a  
is 4.04 square feet. 

The Langley &foot transonic  tunnel is a dodecagond single-return 
tunnel wlth slats located in each corner. The r a t i o  of open t o  t o t a l  
periphery was approximately 0.lU along the model length. The t e s t  sec- 
t ion area is ribout k .87 quare feet. The tunnel is described in more  
detail in reference 6 .  

An --of -attack range of from approximately -4' t o  bo was covered 
f o r  each n o m h d  Mach nzndber h the  transonic blowdown tunnel  tests while 
the  stagnation  pressure w m  maFntained essentially  constant. An appre- 
ciab- variation of Mach rider with angle of attack occurred during 
each run because of reduced tunnel e F p i c h c y  at  the higher angles of 
attack. Howewr, data were obtained at a suffkient nmiber of Mach num- 
bers so that by cross fairing the data the variations of lift coefficient 
with angle of attack were obtained  for  constant Mach numbers. The  Mach 
number was changed by changing the stagnation  pressure. For the Mach 
number r a g e  from 0 .m t o  1.09, the stagnation  pressure ranged from 
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1.1 t o  1.2 atmospheres; these  ranges of Mach  number and stagnation pres- 

sure corresponded t o  a Reynolds number range of from 4.4 x 3.0 t o  
5.5 x Y) 6 based on the =an aerodynamic chord. A sting-position indi- 
cator was used t o  measure the nominal angles of attack. The angles so 
obtained were corrected for sting deflection and w i n g  twist t o  obtaln 
the  corrected angles of attack. The correction  to the nominal angle of 
attack for a = 4O and M = 1.0 was 0.15O; all of the  corrections, 
which  were determined from s t a t i c  measurements, were in the direction  to 
increase  the  absolute values of the angles of attack. The accuracy of 
the  corrected angles is believed t o  be xithin *0.lo. 
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In the &foot  transonlc  tunnel  tests,  the Mach number was varied 
during each run while a constant  angle of attack was maintained. The 
angle of attack of the model was measured with an optical  system sighted 
on a reference line on the fuselage and is estimated t o  be accurate 
withFn k O . l o .  The angle-af-attack range covered in the tes te  was from 
Oo t o  70 and the Mach nmiber range, from 0.60 to  1 .l23. The tunnel 
operates at essentially atmospheric etagnation  pressure and the Reynolds 
number varied from approximately 2.9 x 106 t o  3.5 x XI6. The &foot 
transonic tunnel data contained  herein were obtained from reference 5. 

Experimental data.- A typical  variation of Mach number  and lift 
coefficient  with angle of attack (with the stagnation  pressure  held 
essentially  constant) during one t e s t  in the transonic blowdown tunnel 
i e  shown in figure 4 for M fil 0.9. Cross plots of data ~imilnr to that 
in  f igure 4 yielded  the  variation of lift coefficient with angle of 
at tack  a t  various Mach  numbers shown in figure 5.  The m i a t i o n  of lift- 
curve  slope x i th  Mach  number f o r  the  tests  in  the  transonic blowdown tun- 
nel  and the  &foot  transonic  tunnel,  obtained from figure 5 and refer- 
ence 5 ,  respectively,  are  presented in figure 6. 

The C curve from the  traneonic blowdown tunnel t e s t s  is ehown 

( f ig .  6) t o  be only slightly lower than that from the  8-foot  transonic 
tunnel  teets i n  spi te  of the  rather  large  difference in  dimensions of 
the two tunnels. (The value of b, r a t i o  of wlng spae t o  tunnel diam- 
eter ,  for the tes t s  In the transonic blowdown tunnel was 0.670 and i n  
the  &foot t r m o n i c  tunnel, 0 206.) The differences in Ilft-curve slope 
amount t o  less than 0.001 per degree and 0.003 per degree at Mach numbers 
of 0 .a and O.gn ,  respectively;  the s m a l l  value of b in the  &foot 
transonic  tunnel  tests suggest that the boundary interference on the data 
obtained  therein would  be sm8J.l. so that the s m a l l  difference in lift- 
curve slopes  could be attributed almoet- entirely  to  the boundary 
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- interference In the  transonic blowdown tunnel. In order t o  provide a 
basis f o r  comparison, the boundaqy-induced-angle correction  calculated 
from Glauert's shple farmula for the model of the  present  investigation 
mounted in  a closed 26-inch-diameter circuler  tunnel yie- a urt-curve- 
slope correction of  -0.005 per degree. 

- 

Theoretical  corrections.- The theory  of reference 1, which concerns 
the l i f t  interference of the boundaries, is baeed OIL the a88umption  of 
a constant value of R ( r a t io  of open periphery t o  t o t a l  periphery) 
throughout the test   eection. This assumption is tratisfied in the   a foo t  
transonic  tunnel,  but  not i n  the transonic blowdown tunnel where there 
is a Large variation of R ( f ig .  3) d o n g  the model -h. In order 
t o  apply the theory of reference 1 to the transonic blowdown tunnel data, 
it w a s  necessary t o  choose a value for R.  Calculations accordingly 
were made for  tsro ~ L E S  of R mbitrarily chosen t o  correspond to  the 
quarter-chord  position of the model (R = 0.074) and t o  a position  just 
r e m d  of the fuselage (R = 0.125). Reference I did not  present  for 
R = 0.074 and b = 0.670 the value of the  quality  factor k used i n  
the  correction fonrmla. A value for k WBB obtained, however, by 
assuming that the increment in  k between R = 0.125 and R = 0.074 
for b = 0.670 was the same as the increment between these two values 

- of R for  b = 0. 

The differences between the two corrected curves for  the transonic 
c blowdown tunnel are shown in figure 6 t o  be small; coneequently, the 

boundary-induced-augle correction,  according to the theory of refer- 
ence 1, is in this case  rather  insensitive  to a change in  open r a t io  of 
from 0.074 to 0 .E5. The magnitude of the   cor rec tun  of reference 1 for 
the &foot transonic  tunnel is also sham in  figure 6 to be very smal l .  

Quantitative  mrification of the  theory of reference 1 cannot be 
accomplished by comparing the  corrected  lift-curve  slopes of the two 
tunnels  (fig. 6) because the differences between the uncorrected curves 
and also the celculated  correctfons  are small and -st within the 
experimental  accuracy. I n  addition,  the data ham not  been corrected 
f o r  blockage. O n  the basis of reference 7, while the blockage correc- 
t ion to the 8-foat  transonic  tunnel data appears to be negligible, 8 

blockage correction of the saz l~   s ign  as for a closed  tunnel would be 
expected for  the transonic blardown tunnel data because of the s m a l l  
value of R in  the region of the mde1. Although the magnitude of the 
blockage correction cannot be determined from reference 7, it appears 
that the correction would be of no larger order of magnitude than  the 
boundary-induced-angle correction from reference 1. Application of a 
blockage correction muld therefore shift  the curves f o r  the  tran- 

sonic blowdown tunnel i n  figure 6 t o  the r ight  a sme l l  amount. Thus, 
impossible, it does appear that application of the theory, which heretofore 

c although a quantitative  verification of the theory of reference 1 is 
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has not been checked experimentally, *elas a boundmy-induced-angle 
correction of the correct sign and of the proper  order of magnitude. 

CONCLUSIONS 

The boundary effects on an 18-inch span, 60° triangular wing model 
tested in the 26-inch Langley transonic blowdown tunnel  are shown t o  
cause only small decreases in the lift-curve slopes from those  obtained 
with  the same model In the Langley &-foot transonic tunnel; the decreases 
amount t o  lese than 0.001 per  degree and 0.003 per degree at Mach numbers 
of 0.80 and 0 .9n, respectively. The theory of a predously published 
paper (NACA RM ~53~261, although not exactly  applicable t o  the  present 
case, gave correctlorn t o  the lift-curve  elopes obtained In the  smaller 
tunnel which appeared t o  be of the  correct sign and of the proper order 
of magnitude. 

Langley Aeronautical Laboratory, 
National Advisory Comittee f o r  Aeronautics, 

LEtngley Ffeld, Va. 
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Figure 1 .- Sketch of model. A I L  dimeneions are in inchee . 

. L 



W A  RM L53EX)a - 9 

- 20.00 33.333 - “j1 
- x  I 1 

r i 
7 I ,  ”” 

%x = 3.334 

0 
.0050 
0075 

.0125 

.a250 
,0500 
0750 

.15m 

.2500 

.3000 
03500 
A000 

.lo00 

.2000 

.a143 . ob167 

.0h30 

.ob024 

.0m2 

.03562 

.02526 

. o a 5 2  

.0n25 

.00439 

.03128 

.02O83 

0 

L.E. = O.OOO5Z 

Figure 2.- Ebelage ordinates. A I L  d h e n s i o n s  are in inches. 



Figure 3.-  Variation of R with tunnel station in Lat@ey transonic 
blowdown tunnel for preeent tes te .  
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Lgure 4.- Variation of Mach number asd lift coefficient with angle 
attack far a typical test  with the present model in the Langley 
transonic bloudawn tunnel. - of 
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Fi g u r e  5.- Variation of lift  coefficient with angle of attack far various 
Mach mmibers frm Langley transonic blowdown tunnel t e s t s .  (Symbol8 
r’epresent points obtained fYom cross plo t s . )  
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Figure 6.- Cornpariaon of measured and calculated variations of with 

Mach number. 



S E C U R I T Y  I N F O R M A T I O N  


